The experimental area is located at an elevation of about 1,100 feet in the Sierra Nevada foothills (Talbot, et al., 1942 from October tb May, with highin the experimental pastures. Gains, grazing habits, and diet of the steers will be covered in companion articles.
The Experiment
Widespread tests over a period of years have shown a deficiency of sulfur in several soils derived from a variety of parent materials at many locations in California (Conrad, 1950) . On foothill range with sulfur-deficient soil, fertilization offers a positive means of improving the natural annual-plant cover (Bentley, 1946; Bentley and Green, 1954) . It is a low-cost treatment that, in plot tests, has given economical returns (Green and Bentley, 1954) .
To determine how improvements in the vegetation from sulfur fertilization are reflected in range livestock production, a grazing test was started at the San Joaquin Experimental Range in 1949. A major objective was to learn how sulfur fertilization fits into year around management of foothill ranges. The experiment was conducted cooperatively by the California Forest and Range Experiment Station, U. S. Forest Service, and the Department of Animal Husbandry, University of California. est amounts during the winter months.
Herbaceous vegetation is a typical mixture of annual grasses and forbs including several legumes (Bentley and Talbot, 1951) . The soil is predominately Vista sandy loam developed from granite bedrock. Soil depth is variable, mainly less than 2 feet, and rock outcrops are common.
The experiment was conducted in two pairs of pastures: Fl and F2-fertilized, control pastures Cl and C2-unfertilized (Fig. 1 ). The pastures were located and their approximate boundaries delineated from a range site map (Bentley and Talbot, 1951) . Acreages of swale and slope sites and of nongrazable area covered by rock or brush were determined by line sampling, and pasture boundaries were adjusted to make the two pastures in each pair as comparable as possible.
At the time of fencing in 1948, the four pastures were judged approximately equal in grazing capacities, and each adequate for 10 yearling steers for 6 months. The smaller pair, pastures Fl and Cl, contained considerable swale and open rolling slopes which were the most productive sites (Fig. 1) (Hormay and Fausett, 1942) were used, but adaptations were necessary when final ratings were made in winter after heavy rains had occurred.
Herbage Production
The pattern of vegetation response to sulfur fertilization in the pastures (Table 1 ) was the same as that reported from plot tests (Bentley and Green, 1954) . The first apparent effect was stimulation of legumes, mainly native annual clovers, during the year after fertilization-in 1950 for pasture Fl and in 1952 for pasture F2. In each pasture this initial response did not occur during the first season of fertilization because rainfall was insufficient for good legume growth.
The second effect of fertilization was increased production of grasses resulting from a buildup of soil nitrogen by the legumes. This increased grass yield first occurred in 1951 for pasture Fl and in 1953 for pasture F2. In subsequent years significant increases in production of grasses, legumes, and total herbage were maintained by repeat fertilization ( Table 1 Fertilized2 Control ' Excludes rock outcrop and soil inaccessible to cattle.
2 Pasture was fertilized during preceding fall or winter. **Difference is significant at 1 percent level.
*Difference is significant at 5 percent level.
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From 1949 growth. In other years the steers to 1954 inclusive the steers were L. R. GREEN, AND K. A WAGNON tion. In the low-production year of 1949, the clipped yields were the same in pasture Cl and pasture Fl and on a series of unfertilized strips in pasture Fl. In 1950, when the first response from fertilization occurred, the yield of pasture Fl was greatly increased over yields of pasture Cl and the unfertilized strips (Fig. 2) Increased production of herbage resulting from sulfur fertilization was most marked in pasture Fl, which contained a high proportion of the more productive sites (Fig. 1) The open, rolling slopes were consistently higher in all years in the fertilized pastures, but on rocky or brushy slopes the only impressive production from fertilization was in years with above-average rainfall.
Season of Growth
Most of the increased production under sulfur fertilization resulted from more rapid plant growth in April.
Growth also was more vigorous during late winter and early spring in pasture Fl than in its control pasture, but the plants were only slightly taller. Production appeared much alike in the fertilized and control pastures in February and March during the years when pasture Fl was not being grazed at that time. Yet in later years, when it was grazed during late winter, the steers made materially better gains at that time than steers in the unfertilized pasture. Slight increases in production of available herbage during late winter months were more important than they appeared to be.
The value of such increases is illustrated by differences in plant growth in pasture Fl and its control during the late winter and spring of 1951 (Table 3) . Both pastures had been closely grazed until December 27, 1950, but were not grazed during the remainder of the plant growing season. In February and March increases of only 0.4 to 0.5 inch in average height, along with slightly more foliar density, produced 460 to 490 pounds more available herbage per acre.
Earlier plant growth from fertilization was never apparent in pasture F2 and was not indicated by the steer gains. The reasons were not known; stimulation of legume growth seemed adequate to increase available soil nitrogen in some winters.
Yearly Fluctuations
Sulfur fertilization had little effect on yearly fluctuations in total herbage production.
After fertilization had become fully effective, yields of the fertilized pastures fluctuated in about the same manner as yields of the control pastures (Table 1) . Coefficients of variations were similar for the fertilized pastures and their control pastures. This is in contrast to results from nitrogen fertilization reported by Hoglund and co-workers (1952), who found that annual applications reduced fluctuations. Under periodic application of sulfur, legume stimulation and availability of organic soil nitrogen are greatly influenced by yearly weather conditions as well as by the level of soil sulfur supply.
After the soil nitrogen supply had been built up by growth of legumes, the total herbage production of the fertilized pastures in most years was more than 50 percent greater than in the control pastures. For pasture Fl, 1951 to 1956 inclusive, the increase ranged from 45 to 76 percent; for pasture F2, 1953 to 1956 inclusive, from 40 to 72 percent. For the 5-year period 1952-56 when fertilization was fully effective in both pastures, herbage production of pasture Fl averaged 59 percent greater than its control. In pasture F2 it was 57 percent greater.
These figures indicate that the base stocking level could be materially raised after fertilization and main-WAGNON tained at a high level without adding to the problem of adjusting to a fluctuating herbage supPlY.
Grazing Capacity
Grazing capacities of the fertilized pastures during the dryforage season increased in about the same proportion as the herbage yields. But during the greenforage season in some years capacities were increased less than the herbage yield figures would indicate.
Fertilized
pasture Fl was stocked below its capacity during the dry-forage season and was grazed rather lightly in each of the first 3 years after fertilization had become effective (1956-52, Table 4 ). In each of the next 3 years the fertilized pasture was stocked during the dry season well above stocking in its unfertilized control pasture; nevertheless degree of utilization was the same in both pastures. In some years extra steers were grazed in the fertilized pasture during the winter months to remove excess herbage that remained at the end of the dry season.
Averaged for several years, the increase in herbage resulting from fertilization was a reliable index of increase in grazing capacity during the dry season. Herbage yield increased 57 percent for the period 1951-55; grazing capacity, 56 percent.
During the green-forage season, results differed in the two pairs of experimental areas. Stocking and utilization records did not indicate much increased grazing capacity in the fertilized pasture when the steers were in pastures F2 and C2 ( A desirable overall mixture of forbs and grasses was maintained on both the fertilized and unfertilized range under moderate grazing in both the green-forage and dry-forage seasons. The vegetation was better on the fertilized range, particularly if grazed during the dry season, because of the greater proportion of legumes and grasses and the lower amount of broadleaf filarees. With dry-season grazing and light utilization in pasture Fl, ripgut brome increased more than is desirable.
The increase was more rapid than observed in the past under similar grazing of natural range, apparently because of the higher fertility level in the fertilized pasture. Dry-season grazing will be necessary each year on sulfurfertilized range that is held back to round out the yearlong forage supply. To guard against possible undesirable changes in botanical composition of fertilized range, rotation of grazing between range units, so that no one unit is grazed continually during the dry summer and fall, should be a desirable practice even though the benefits to be ob-
